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Studies  on  the  crystallography  of  tha  def emotion  process  in 
body-centered  cubic  metals  have  been  renewed  recently  with  investigations 
on  tho  deformation  of  molybdenum  single  aryetals^  and  of  alpha  iron 
single  crystals U)^  Tt  i*  now  apparent  that  too  mny  exceptions  to 
the  rationalisation  based  upon  tho  ratio  of  absolute  testing  temperature 
to  absolute  molting  point  toaparaturo  by  Andrade^  exist  to  permit  more 
serious  discussion  of  this  type  of  analysis.  The  considerations  of  re- 
solved shear  stress  utilising  only  plants  of  a type  ^Lio],  £112$  and 
^123^  ^ pendt  analysis  of  tha  deformation  only  on  the  basis  of 

these  three  typs  planes. 

The  suggestions  cade  by  Chon  and  Uaddin^  in  which  the  slip  pro- 
cess is  envisioned  as  a composite  slip  on  tcro  non-parallel  £llO^  pianos 

(7) 

(this  suggestion  was  cads  earlier  by  C,  F,  Elam  and  by  A.  B.  Oran- 

fo\ 

ninger^  ; car  bs  illustrated  sahomatioolly  in  Fig.  1.  It  may  be  seen 
that  m unrosolved  trace  or.  any  piano  containing  a ^Ul)  direction  may  be 
accomplished  by  varying  the  number  of  atoms  participating  in  tho  con>- 
posite  process.  By  further  varying  tho  number  of  atom  in  each  plane  but 
keeping  tho  ratio  of  the  participating  atoms  constant,  one  could  then  ob- 


tain  Jogs  In  the  traces  and  hfmoe  produo*  wary  slip  lines*  Evidence  for 
t he  composite  nature  of  the  process  has  been  pree anted  for  the  case  of 
aoiytyleraru  in  the  fbrm  of  analysis  of  eateries  and  longitudinal  axis  i&r 
gration*  Further  ervidsnoo  on  aalybdenuB  in  the  oaae  of  bending  and  by 

use  of  x-ray  microscopy  will  be  fcrthoosdng  shortly  in  other  publications . 

(2) 

Vogel  and  Brick  hare  studied  the  behavior  of  alpha  iron  crystals 
in  which  they  suggest  that  the  plane  of  glide  is  noiv-crystallogrephio  end 
say  be  predicted  froa  the  intersection  between  the  great  circle  Joining  the 
allp  direction  and  epedsec  axle  with  the  great  circle  whose  tone  axis  it 
the  slip  direction*  However,  the  eateries  developed  in  their  investiga- 
tion was  not  sufficient  to  permit  analysis  in  the  ease  Banner  as  used  by 
Chen  and  Maddln*  Consequently,  only  the  unresolved  traces  ware  oonsldsred 
in  their  analysis. 

lbs  present  investigation  was  attonp&ad  in  order  to  study  the  be- 
havior of  udLobita  single  crystals,  not  only  in  tension  but  else  in  ooas» 
pros a ion  sines  the  specimen  axis  migration  should  indicate  the  piano  or 
planes  of  gilds  in  the  earn  manner  that  the  sped  non  axis  migration  In 
tension  indicates  the  direction  of  glide* 

Experimental  Prooedare 

Single  crystals  of  niobium  approximately  3 nru  in  diameter  vary* 
lng  In  length  were  grown  by  the  method  previously  described  for  molybde- 
It  was  not  always  possible  to  obtain  very  long  single  crystals 
and  quits  often  more  than  one  large  grain  oooupying  the  total  orose^seo- 
tlon  was  present  in  the  extension  specimens.  For  the  compression  speci- 
mens, it  was  a simple  matter  to  out  crystals  of  proper  length  to  permit 
accurate  studies  of  the  deformation  process. 


3 

Surface  preparations  were  very  dlffioult  since  a good  eleotroly* 
tio  polishing  solution  was  not  available  to  insure  proper  sur fooe  oondl* 
tiona  foe*  adomgrsphio  work*  A eolrtion  ■ urges ted  by  0*  V*  Ifearoh^0^ 
consisting  of  B$%  oonoentreted  eulphurio  acid,  15*  oenoentrated  hydro- 
fluoric said,  wm  wood  with  a platinue  cathode,  a current  density  of  0«0b 
aqperes  par  wjuare  aantiiaster,  end  a temperature  between  t$  and  6Q°0  with 
a limited  anount  of  euooeos,  Consequently,  the  wicrographe  reproduced 
here  leave  something  to  be  desired* 

Basperlaaata  Results 

The  initial  orientations  of  all  cry*  tale  Investigated  are  shown 
In  Fig*  2*  Although  nine  crystals  were  deforced,  orientations  in  tbs 
vicinity  of  the  (001)  were  not  available  in  order  to  consider  the  effect 
of  orientation  cm  the  crystallography  of  defamation.  In  terns  of  the 
Opirwky  and  Staoluohomki  plot  of  plsnss  of  naximi  resolved  sheer  stress, 
however,  there*  ere  orystals  whose  orientations  fall  within  the  area  where 
one  of  each  type  of  plane,  l*e*,  fllC^,  fll^  , and  ^123 v would  have  the 
highest  resolved  shear  stress. 

Crystal  ho*  2 was  approximately  two  osntlnetsrs  long  and  eosqpied 
the  entire  arcs  e-station  of  the  3 **•  rod*  the  rod  was  pulled  in  a 
hydraulic  tensile  aanhine  to  the  first  appearance  of  slip  lines*  Lana 
back  reflection  pbotograns  showed  a longitudinal  aids  shift  towards  the 
^ Hi]  (direction  0)*  Stereo graphio  analysis  of  the  slip  traces  at  every 
10  degrees  in  aslnuth  around  tbs  spednsn  gave  a no»-oryetallographie 
plane  as  the  plane  of  glide*  Longitudinal  axis  shift  and  the  pole  of  the 
plane  determined  fron  clip  plane  traces  are  shown  in  Fig*  3*  Unfortun- 
ately, the  surface  of  the  crystal  was  quits  soodged  and  observations  of 


Initial  Orientations  of  All  Crystals  Investigated. 
Zrlangle  Is  Divided  into  Areas  Indicating  the  Slip 
3yatonu  of  Highest  Rssolvwi  Shear  Stress  (£th 
Reference  Only  to  ^130^ » r^*  *n<^  £^^5  Planes)* 
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the  traces  wars  difficult . Little  asteriso  was  present  after  this  small 
deformation  and  analysis  of  ths  planes  of  glide  based  upon  asterlsa  oould 
not  be  made* 

Crystal  Nb4*,  approximately  ths  same  length  at  NW,  was  extended 
three  per  cent  In  the  first  elongation.  Although  stereographies  analysis 
of  the  traces  observed  indicated  a norwcrystallo graphic  plane  of  slip, 
analysis  of  ths  asterlsa  indicated  the  (OH)  and  the  (Yoi)  as  ths  planes 
of  glide  (planes  II  and  IV  in  Fig,  U)  . This  may  be  seen  in  Fig,  k where 
the  longitudinal  axis  shift  is  plotted  together  with  the  asterlsa  shorn 
in  Figs  5(a)  as  PQ  and  P^.  Froo  the  longitudinal  axis  shift  plotted 
using  the  tails  of  the  asterlsa,  it  may  be  seen  that  the  activity  of  two 
planes  has  occurred.  In  an  effort  to  determine  more  accurately  the  axis 
about  whioh  asterlsa  occurred,  Laue  book  reflection  photo  grams  ware  made 
every  two  degrees  about  the  specimen  axis  in  the  vicinity  of  ths  oritioal 
position.  The  photogram  shown  in  Fig,  5(b)  clearly  demonstrates  a £njf] 
axis  as  that  about  which  asterlsa  occurred.  The  photogroa  was  plotted 
s tsreo graphically  in  order  to  indicate  the  plane  and  direction  of  glide. 
This  plot  again  shored  the  (oTT)  [ill]  (Hi)  to  be  or.e  of  the  slip  sys- 
tems acting* 

This  crystal  was  extended  again  until  necking  occurred.  Laue 
phote-grams  were  made  in  the  section  adjacent  to  the  necked  region.  The 
final  position  of  the  longitudinal  axis  is  shown  labeled  as  Pj  in  Fig,  U. 
It  is  olesrly  demonstrated  that  the  predominant  system  Is  (Toi) 

(IVC)  accounting  for  the  axis  shift  from  to  ?2»  Collateral  gliding  on 
the  other  system  (Oil)  Till]  (IIA)  was  suspected  from  the  photo  grama  but 
as  ter  ism  was  too  great  to  permit  a careful  analysis. 
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Crystal  Nb-7  waa  pulled  until  neaking  occurred  in  the  grain.  Lana 
photograss  did  not  pormit  analysis  of  tha  extreme  aaterism  but  did  permt 
a plot  of  tho  axis  shifts  It  should  be  pointad  out  that  tba  final  lati- 
tudinal axis  position,  waa  determined  by  noting  only  one  point  (that 

of  maximum  density)  on  extensive  streaks*  This  is  shoKi  in  Fig*  6*  Al- 
though a rotation  towards  the  £lll]  (B)  oan  be  noted,  little  oan  be  said 
regarding  the  plane  of  glide  exoept  that  were  tha  system  of  maximum  shear 
stress  to  have  operated,  the  axis  shift  would  have  been  towards  the  (jlQ(C)* 
This  activity  in  Kb-7  points  to  the  complexity  of  the  deformation  in  the 
body-centered  cubic  crystals* 

Crystal  Nb-6  was  extended  approximately  five  per  oent*  Surfsoe 
conditions  were  bettor  here  and  stereo  graphio  analysis  of  these  traoee, 
shown  in  Fig*  7,  gave  the  (T01)  as  the  plans  of  glide.  In  this  oast,  the 
axis  shift,  shown  in  Fig*  8,  indicated  the  slip  system  to  be  (Id) 

(I7-G).  The  method  of  analysis  far  ferrite  single  crystals  used  by  Vogel 

M ) 

and  Brick  7,  where  a great  drain  drawn  through  the  axis  of  the  specimen 
end  the  slip  direction  intersects  the  great  oirole  whose  pole  le  (lllj, 
designates  the  plana  of  glide  to  be  very  close  to  (Xoi).  The  asteriem  in 
the  Lane  photograss  waa  complex  but  not  enough  developed  to  permit  accur- 
ate plotting*  There  was  present  in  the  ooaplexlty,  however,  the  indica- 
tion that  (Id)  £lll|  (IV-C)  was  not  the  only  slip  system. 

The  behavior  of  crystal  Nb-9  was  quite  complex.  The  initial 
orientation.  Fig*  9,  was  very  dose  to  the  (oC)  and  very  close  to  the 
(OH)-(OOI)  boundary.  Two  flat  surfaces  at  90°  angles  were  polished  on 
the  specimen  held  in  sealing  wax.  After  etching  in  concentrated  HF,  the 
iipeoimon  was  eleotro polished.  Lane  back  reflection  photo grams  were  made 
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atlon  of  Crystal  Nb-7. 
Unmar k»d  CJLrola. 
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of  eaoh  surface  to  indicate  the  ranoval  of  material  affected  by  the 
polishing* 

Tha  specimen  ms  extended  about  two  per  cent  end  examined  with 
microscope  and  x-rays*  No  slip  lines  oould  be  observed  «pd  little  or  no 
axis  shift  could  be  obe erred.  The  specimen  wee  extended  again  to  a total 
elongation  of  about  six  per  cent.  Although  elip  lines  sere  visible, 
great  difficulty  was  encountered  in  attempting  analysis  from  the  traces. 
X-ray  photo  graus  marts  at  different  positions  around  tho  epe olmen  axis 
testified  to  tbs  ocrsplex  behavior  of  this  crystal*  Referring  to  Fig*  9, 
the  initial  orientation  of  the  crystal  la  plotted  as  P q and  the  position 
of  the  axis  after  six  per  cant  elongation  by  F»*  The  axis  shift  indicates 
a rotation  towards  £lXlj  (B),  the  possible  slip  dlreotlon.  The  system 
11-8,  however,  is  one  of  very  low  shear  stress*  Consequently,  the  action 
may  be  of  a composite  nature  involving  the  planes  IV  and  V (not  shown 
here),  both  containing  the  direction  B,  In  view  of  tha  fact  that  a plot 
of  the  extent  of  asterisks  shows  the  participation  of  system  IV-C,  it 
sight  be  suggested  that  in  addition  to  the  activity  of  plane*  IV  and  V in 
direction  B,  there  is  the  participation  of  IV  in  direction  C.  After  exten- 
sion again  to  about  16  per  cent,  the  position  of  the  axis  was  at  Pj,  Fig*  9* 
The  behavior  of  Nb-9  after  16  per  cent  elongation  might  now  be  explained  by 
the  participation  of  slip  systems  32-D  and  XV-C.  Again,  the  slip  lines 
ware  extremely  complex  showing  not  only  very  wavy  nature  but  also  the  pro- 
bounced  development  of  deformation  bands* 

The  behavior  of  Nb-10  WL  th  an  Initial  orientation  almost  the  same 
as  Nb-9  but  farther  along  the  symmetry  curve  (OH)-(OOl)  was  not  quite  so 
oon$CLax«  After  about  six  per  cent  elongation,  the  axis  shift,  Pq  to  P^  in 


lli 

in  Fig.  10,  might  likewise  be  explained  on  the  participation  of  systems 
IV  and  V in  direction  B.  However,  after  16  per  cent  elongation  the  aria 
shift  indicated  a participation  of  (OH)  [" tllj  (II -A).  The  small  devia- 
tion along  the  groat  circle  to  ^lll]  (B)  rosy  perhape  bo  attributed  to 
the  continual  participation  of  IV  and  V in  Direction  B,  but  on  a small 
scale.  However,  the  position  of  P^,  being  at  the  outer  limit  of  the  a©- 
curacy  of  orientation  determination,  cannot  be  classed  as  rigorously  in- 
dicating tho  later  activity  of  (Oil)  Till]  (H-B). 

The  behavior  of  Hb-1,  extended  about  five  per  oent,  could  be 
called  classical.  The  analysis  of  the  slip  traces  showed  (loi)  (IV)  to  be 
the  plane  of  glide  and  the  axis  shift  is  primarily  towards  the  proper 
[lUJ  (C)  (Fig.  11).  Little  can  be  said  here  about  the  collateral  parti- 
cipation of  other  [llO^  planes  since  little  asterism  was  present  after 
this  extension. 

Nb-0  was  approximately  10  mm.  long  by  3 an.  in  diameter.  Its  ends 
were  milled  and  ground  parallel.  Following  this  operation,  the  specimen 
was  polished  electrolytic  ally  **d  compressed  with  a special  Jig  in  a 
hydraulic  conqpression  naohinojtho  bearing  compression  plates  ware  greased 
and  the  load  was  applied  carefully.  The  first  compression  amounted  to 
5.97  per  cant.  Confirmation  of  (101)  as  the  plane  of  glide  was  obtained 
from  analysis  of  the  traces  stereo graphically. 

The  appearance  of  slip  traces  on  Nb-0  after  the  first  compression 
la  shown  in  Fig.  12  (a-d).  The  traces  are,  for  the  most  part,  straight 
and  prove  to  be  caused  by  the  (loi)  plane.  Die  forked  bands  are  presum- 
ably deformation  bands  whose  boundaries  agree  with  no  low  lndeoes,  high 
atomic  density  plane.  In  certain  oases,  the  bands  are  seen  to  ooneist  of 


mjk  MiaM.ii 


16 


l 


17 


small  but  straight  lines  reminiscent  of  bands  of  secondary  slip  in  alumin- 
um. 

Ihs  behavior  of  metal  single  crystals  in  compression  has  been  in- 
vest ig  a tad  frequently  in  order  to  determine  the  plana  of  glide.  Just  as 
the  change  in  position  of  the  longitudinal  axis  after  extension  indicates 
the  glide  direction,  the  same  change  in  axes  after  compression  indicates 
the  pole  of  the  plane  of  glide  then  glide  occurs  completely  or  predominantly 
on  a series  of  parallel  planes. 

Reference  to  Fig.  13  in  which  PQ  migrates  to  P-^  can  be  explained 
from  the  activity  of  slip  systems  (loi)  [ill]  (IV-C)  and  (Id)  [ill]  (III-D). 
Further  evidence  can  be  cited  from  the  behavior  of  this  specimen  after  com- 
pression to  11  per  cent.  The  x-ray  photo  gram  shown  in  Fig.  Hi  is  seen  to 
consist  of  tero  distinguishable  asterisms.  If  the  tails  of  these  are  plotted 
separately,  indicated  as  P^-P2  and  P^-P2  , a clear  participation  of  the  slip 
system  IV-C  and  III-D  may  be  noted. 

In  an  attempt  to  oons idar  more  carefully  the  extent  of  disorienta- 
tion existing  in  the  aurfne  layers  of  the  specimen  after  deformation, 
x-ray  microscopy  ^ wa3  used.,  Cu,  %t(  radiation,  30KV,  was  reflected 

from  a bent  quartz  crystal  nnnochrooatur  and  focused  on  the  specimen  sup- 
ported on  a two  circle  goniometer.  Reflections  were  obtained  for  certain 
specimen  positions  and  recorded  on  spectroscopic  VD  plate  held  parallel  to 
the  focused  beam  almost  tangent  to  the  speoiroen  surface  yielding  the  re- 
flection. Exposures  of  from  one-half  to  four  hours  were  necessary  to  ob- 
tain suitable  records.  In  Fig.  1$  (a,  b,  o)  there  is  shown  the  striated 
and  banded  structure  observed  by  this  technique.  The  amount  of  disorienta- 
tion as  a result  of  5.U7  and  11  per  cent  compression  can  be  seen,  at  laast 
qualitatively  in  these  x-ray  micro grams. 


Throughout  these  compression  dtudies,  It  was  apparent  that  the 
amount  of  distortion  (as ter ism)  produced  per  anoint  of  deformation  is 
far  greater  in  the  case  of  compression  than  in  tension*  For  example,  af- 
tar  16  per  oent  compression,  the  as  tori sm  la  so  great  as  not  to  permit 
orientation  determinations  whereas  the  same  amount  of  extension  produces 
much  less  disorientation. 

Specimen  Nb-2o  was  treated  in  the  same  manner  as  Nb-O.  It  was 
compress od  2,91  per  oent  and  observed  by  mlarosoope,  x-ray  and  x-ray 
microscopy.  Analysis  of  the  traces  indicated  three  glide  planes  to  have 
been  operative)  those  were  (Ho)  (VI),  (OH)  (II),  and  (Id)  (III).  A 
micrograph  of  three  sets  of  traocs  is  shown  in  Fig*  16.  It  is  possible 
that  the  slip  direction  is  the  same  far  all  three  of  these  planes.  If  the 
amount  of  jLide  on  each  of  these  pianos  in  the  some  slip  direction  Is  the 
same,  the  movement  of  the  axis  along  a great  oirole  to  (101)  would  be  ex- 
pected. However,  as  may  be  seen  in  Fig.  1?,  the  pole  movement  Pq  to  is 
not  exactly  along  this  great  circle  Indicating  an  uneven  amount  of  glide 
on  the  [nO ^ planes  concerned.  After  Hi. 5 per  oent  oosqpreselon,  however, 
it  is  apparent  that  the  glide  on  the  plane  (Id)  (III)  predominates  as 
shown  by  the  movement  of  to  Pg. 

Disoussion  of  Results 

Determination  of  glide  pianos  from  observation  of  the  traoos  on 
the  surface  might  be  questionable  when  these  traces  are  wavy,  branohed  and 
forked.  Such  is  normally  the  case  with  traces  observed  on  plastically  de- 
formed body-centered  oubio  oryatale*  Nevertheless,  a direction  is  gener- 
ally assigned  to  a wavy  trace  and  with  many  such  observations,  a determina- 
tion of  the  apparent  glide  plans  may  be  male.  Such  an  example  is  seen  In 
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Fig.  17  - Initial,  Intara»diate,  and  Final  Orientation 
of  Crystal  Nb-2C  (Compression). 
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Fig.  7*  Hare,  the  amount  of  extension  was  about  5 per  cent  and  with  this 
small  deformation,  the  traces  appeared  somewhat  straight. 

With  compression  of  niobium,  however,  tho  deformation  markings 
are  of  a different  character.  Two  typos  can  bo  noted,,  (o.f » Fig,  12,  16) 
those  lines  which  are  straight  and  narrow  wherever  observed  and  those 
bands  of  relatively  large  width  which  are  branched,  forked  and  wavy. 
Stereo graphic  plots  of  the  straight  narrow  lines  show  [llO^  to  bo  the 
glide  plane  whereas  similar  plots  of  the  bands  yield  no  confirmation.  It 
is  also  possible  to  observe  very  small  straight,  narrow  segments  compos- 
ing the  bands;  these,  too,  apparently  prove  to  be  caused  by  [llO^  planes. 

Perhaps  & n ore  sensitive  indication  of  tho  glide  plane  would  be 
found  in  analysis  of  the  astcrism  resulting  from  deformation.  A a in  the 
case  of  molybdenum^ \ a axis  is  shown  to  be  the  axis  about  whioh 

asterism  ooaurs.  In  the  case  here  reported  (Fig.  lib),  it  is  readily 
seen  that  this  axis  is  fl2l3  in  whioh  oase  the  plane  of  glide  ia  (Ibl) 
and  the  direction  [ill]  if  it  can  be  assumed  that  plastic  deformation  in 
the  body-centered  cubia  crystals,  i.e,  rotation  of  the  plane  of  glide  is 
about  an  axis  in  the  plane  and  normal  to  the  direction  of  glide,  there 
appears  to  bo  sufficient  observations  to  support  this  assumption  in  the 
body-centered  cubic  crystals^'  ^ . Had  other  type  planee  acted  as 
glide  iilan as , other  -vena  should  be  observed  as  the  axes  about  whi  jh  rota- 
tion occurs,  e.g.  for  a ^112"^  a ^110^  would  operate.  However,  these 
have  not  been  observed  to  date. 

The  optical  analogy  between  diffraction  of  x-rays  by  bent  atomic 
planes  and  the  reflection  of  light  by  curved  mirrors  provides  the  basis 
for  a method  for  interpreting  asterism  from  deformed  single  crystals  at 
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least  qualitatively  in  terra  of  the  direction  of  rotation  of  the  atomic 
(15) 

planes  • Thus,  if  the  ends  of  the  astorlem  are  plotted  stereographies 
ally,  the  direotion  of  displacement  of  these  asterisks  Interpreted  as 
positions  of  the  longitudinal  axis  of  the  specimen  JLnd5  cates  the  direotion 
of  glide  in  to noion  and  the  plane  of  glide  in  compression.  For  exaiqple, 
the  extent  of  asterism  in  Fig.  It  indicates  the  participation  of  slip  system 
II -A  in  the  first  extension.  Later  rotation,  however,  shows  the  operation 
of  system  IV-C.  It  ^uld  appear  that  the  correct  interpretation  Is  that 
where  both  systems  operate.  A similar  example  may  be  seen  in  Fig.  9.  In 
the  compression  case,  Fig.  13,  a more  apparent  activity  presents  itself. 
Hero,  the  rotation  independent  of  asterism  is  not  directly  conclusive  of 
any  particular  plane  of  glide,  whereas  the  extent  of  as  tori  am  clearly 
demonstrates  the  collateral  operation  of  IV-C  and  its  conjugate  II -A.  A 
somewhat  similar  example  is  soon  In  Fig.  17  where  one  £llOj  plane  has 
acted  predominantly  in  the  later  stages  of  deformation  as  Indicated  by  the 
large  rotation  towards  this  pole. 

The  use  of  x-ray  microscopy  lends  further  support  to  the  idea  that 
slip  in  the  body-oentered  cubic  crystals  occurs  in  a composite  fashion. 
Although  the  resolution  derived  by  this  method  is  not  greater  than  what  is 
generally  attainable  with  light  microscopy,  effects  of  surface  conditions 
can  be  eliminated.  Thus  if  there  existed  a sudden  change  in  direotion  of 
•lip  traces  which  could  not  readily  be  observed  because  of  surface  condi- 
tions, x-ray  microscopy  might  be  expected  to  showthis.  Examples  of  this 
affect  have  been  found  in  extended  molybdenum  single  crystals  Ex- 

amples in  Fig.  l£  show  ralatively  straight  striae  and  bands  where  optical 
microscopy  reveals  branched  and  wavy  bands. 
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The  question  may  well  be  asked  as  to  why  planes  of  lower  resolved 

shear  stress  but  of  high  atomic  density  would  aot  in  oontrast  to  lower 

atomic  density  planes  with  higher  resolved  shear  stress.  C.  H.  Uathew- 
(17) 

son  ' has  provided  a possible  answer  to  this*  Consider  the  schematic 
drawing  in  Fib.  18(a)  which  shown  the  relation  between  a (112)  plane  of 
high  resolved  shear  stress,  a composite  (112 ) plane  constructed  of  non- 
parallel [llO^  planes  for  the  orientation  where  the  (112)  planes  would  be 
predicted  on  the  basis  of  resolved  shear  stress  (!fb-?  or  Nb-9  in  Fig.  1). 
The  area  of  the  composite  plane  constructed  from  two  non-parallel  ^llO^ 
planes  le 

= 1.15 

00a  30° 

Similarly,  Fig.  18(b)  shows  the  same  relation  between  a (123)  plana  and  a 
composite  (123)  plane  constructed  by  using  a ratio  of  three  atoms  of  one 
(ll6$  to  one  of  another  non-parallel  £lloj , Here  the  area  of  the  com- 
posite is  obtained  from  trlgonomotrio  relations  to  be 

s ^12 3 x 1*133 

0.883 

Since  the  sinXcoaX  factor  is  the  same  in  both  cases  if  the  assumption  of 
composite  slip  is  made,  the  ra solved  shear  stress  is  only  1$  par  cent 
greater  on  the  pseudo  (112)  plane  and  only  13.3  per  cent  greater  on  the 
pseudo  (123)  plane.  It  would  appear  that  a mathematical  basis  for  com- 
posite slip  might  exist. 

The  problem  of  resolving  tho  traces  into  their  composite  nature 
would  best  be  solved  with  add  of  the  electron  microscope  provided  the  ao- 
tual  number  of  atoms  participating  in  the  prooess  is  sufficiently  large 
(the  ratio  remaining  constant) . Attempts  are  now  being  made  using  extended 
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molybdenum  single  crystals. 

A second  possibility  of  presenting  good  evidence  in  favor  of  com- 
posite slip  would  be  to  develop  a sensitive  load  measuring  device  in  order 
to  distinguish  the  small  differences  in  load  resolved  along  actual  and 
"pseudo"  planes.  Careful  resolved  shear  stress  measurements  would  indicate 
the  plane  or  planes  along  which  glide  has  occurred.  These  experiments  are 
now  being  oontemplated  using  single  crystals  of  various  bodywsentered  cubic 
metals. 
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PLATE  I 


Fig,  1.  Illustration  Showing  the  Integrated  Trace  Produced  by 
Using  Different  M unibora  of  Atoms  in  Non- parallel 
^lioj  Planes. 


Fig,  5.  X-ray  Photograns  of  Crystal  Nb-h. 

(a)  This  Shows  Two  Distinct  As tori 3ns,  The  Larger 
of  the  Two  In  Plotted  Stereographically  in 
Fig.  lu 

(b)  Photo gram  Used  for  Determining  Axis  of  Asterism. 
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FLATS  II 


Tig.  12.  Slip  Lines  and  Deformation  Banda  in  Crystal  Nb-0 
(Compression) 

(b)  Rotated  58  Degrees  from  Position  (a) 

(c)  Rotated  160  Degrees  from  Position  (a) 

(d)  Rotated  20  Degrees  from  Position  (a) 


Fig.  12*.  X-ray  Photogram  Showing  Two  As  ter  is  ns 
Plotted  in  Fig.  13  as  P2“P2^» 


These  Are 


PLATE  m 


Fig.  15.  X-ray  Micro grama  of  Crystal  Nb-o  Made  Using  Bent 
Quarts  Monochromator}  30  Kt  Cu  K Radiation 
V-0  Plate. 

(a)  Nb-o  After  First  Compression.  X?0 

(b)  Nb-o  After  First  Compression  from  Another 
Sot  of  Pianos.  X70 

(o)  Nb-0  After  Second  Compression.  X110 


Fig.  16.  Three  Sets  of  Slip  Lines  in  Comoros a ion  Specimen 
Nb-2C. 


Fig.  18  (a).  (112)  Plane  as  Compared  with  "Pseudo"  (112) 

Plane  Made  by  Using  Eqval  N inkers  of  Atoms 
in  Tm>  Non-parallel  Planes. 


Fig.  18  (b). 


(123) 

Plane 

Plane 


Plane  as  Compared  with  "Pseudo"  (123) 

Made  by  Using  Three  Atoms  of  0ns  illOf 
and  One  Atom  of  a Non-parallel  ^110^  Plane. 
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